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In the title compound, C23H 2 7F3N 2 OS + -2CP, the piperazine- 
diium ring adopts a chair conformation. The dihedral angle 
between the two outer aromatic rings of the 9//-thioxanthene 
unit is 40.35 (18)°. The F atoms in the trifluoromethyl group 
are disordered over two sets of sites with occupancies of 
0.803 (6) and 0.197 (6). In the crystal, molecules are connected 
by N-H - Cl, O-H - Cl C-H- ■ O and C-H- ■ CI 
hydrogen bonds, forming chains propagating along [001]. 
There are also C— H- ■ -it interactions present in the crystal 
structure. 



Experimental 

Crystal data 

C 23 H 27 F 3 N 2 OS 2+ -2Cr 
M, = 507.44 
Monoclinic, C2/c 
a = 34.1750 (17) A 
b = 7.1613 (3) A 
c = 22.6351 (11) A 
/3 = 115.307 (6)° 

Data collection 

Oxford Diffraction Xcalibur Ruby 

Gemini diffractometer 
Absorption correction: multi-scan 

(CrysAlis PRO; Oxford 

Diffraction, 2007) 

T min = 0.430, r mai = 1.000 

Refinement 

R[F 2 > 2a(F 2 )] = 0.069 

wR(F 2 ) = 0.230 

S = 1.05 

5032 reflections 

289 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 

Cgl and Cg2 are the centroids of the C2-C7 and C8-C13 benzene rings, 
respectively. 



V = 5008.0 (5) A 3 
Z = 8 

Cu Ka radiation 
/x = 3.46 mm~' 
T = 295 K 

0.43 x 0.34 x 0.21 mm 



9840 measured reflections 
5032 independent reflections 
3792 reflections with / > 2a(I) 
R iM = 0.028 



48 restraints 

H-atom parameters constrained 
A/w = 1.02 e A~ 3 
Ap mi „ = -0.43 e A~ 3 
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Related literature 

For the antidepressant action of flupentixol, see: Robertson & 
Trimble (1981). For related structures, see: Post et al. 
(1975«,i>). For puckering parameters, see: Cremer & Pople 
(1975). 




Data collection: CrysAlis PRO (Oxford Diffraction, 2007); cell 
refinement: CrysAlis PRO; data reduction: CrysAlis RED (Oxford 
Diffraction, 2007); program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); 
software used to prepare material for publication: PLATON (Spek, 
2009). 

MSS thanks the University of Mysore for the research 
facilities. HSY thanks R. L. Fine Chemicals, Bangalore, for the 
gift sample. RJB wishes to acknowledge the NSF-MRI 
program (grant CHE-0619278) for funds to purchase the 
diffractometer. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: SU2290). 
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l-(2-Hydroxyethyl)-4-[3-(2-trifluoromethyl-9//-thioxanthen-9-yKdene)propyl]piperazine-l,4-dii- 
um dichloride: the dihydrochloride salt of flupentixol 

M. S. Siddegowda, R. J. Butcher, M. Akkurt, H. S. Yathirajan and B. Narayana 
Comment 

Flupentixol (formally called flupenthixol), 2-(4-(3-(2-(trifluoromethyl)-9H-thioxanthen-9-yl)propyl) piperazin-1- 
yl)ethanol, is a typical antipsychotic drug of the thioxanthene class. In addition to single drug preparations, it is also available 
as a deanxit; a combination product containing both melitracen and flupentixol. The antidepressant action of flupentixol 
has been described by (Robertson & Trimble, 1981). The crystal structures of a-flupenthixol (Post et al, 1975a) and P-flu- 
penthixol (Post et al., 1975ft) have been reported. In view of the importance of flupentixol, herein we report on the crystal 
structure of its Dihydrochloride salt. 

In the molecule of the title compound, (Fig. 1), the piperazinediium ring exhibits a chair conformation, with puckering 
parameters Q T = 0.584 (4) A, 0 = 5.5 (3) ° and <p = 175 (4) ° (Cremer & Pople, 1975). The two aromatic rings of the 
9//-thioxanthene unit make a dihedral angle of 40.35 (18)°. 

The crystal structure of the title compound is stabilized by N — H-Cl, O — H-Cl, C — H-0 and C — H-Cl hydrogen 
bonds, forming chains propagating along the c axis direction (Table 1, Fig. 2). There are also C — H— 71 interactions present 
(Table 1). 

Experimental 

The title compound was a gift sample from R. L. Fine Chemicals, Bangalore, India. X-ray quality crystals were obtained 
from a 1:1 mixture of ethanol and methanol by slow evaporation (m.p.: 510-512 K). 

Refinement 

All the H atoms were placed in calculated positions and treated as riding atoms: N — H(amino) = 0.91 A, O — H(hydroxyl) 
= 0.82 A, C— H = 0.93 

and 0.97 A for aromatic and methylene H-atoms, respectively, with (7i S0 (H) = k x C/ eq (0,C,N), where k = 1.5 for 
OH(hydroxyl) and k = 1.2 for all other H-atoms. Atoms Fl, F2 and F3 of the CF3 group are disordered over two sets of 
sites, with refined occupancy factors in the ratio 0.803 (6):0.197 (6). 14 reflections with bad agreement between F 0 and F c 
were omitted from the last cycles of least-squares refinement. 
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Fig. 1. ORTEP view of the title molecule, showing the atom labeling scheme and the dis- 
placement ellipsoids drawn at the 30% probability level. Only the major components of the 
disordered CF3 group are shown. 



Fig. 2. Crystal packing diagram, with the hydrogen bonding (dashed lines), of the title com- 
pound viewed along the b axis. Only the major components of the disordered CF3 group are 
shown. 



1 -(2-Hydroxyethyl)-4-[3-(2-trifluoromethyl-9H-thioxanthen-9- ylidene)propyl]piperazine-1 ,4-diium dichloride 

Crystal data 

C 2 3H27F3N 2 OS 2+ -2Cr ^(000) = 2112 

M r = 507.44 D x = 1 .346 Mg nT 3 

Monoclinic, Cllc Cu Ka radiation, X = 1 . 54 1 84 A 

Hall symbol: -C 2yc Cell parameters from 3191 reflections 

a = 34.1750 (17) A 9 = 5.2-75.3° 

b = 7.1613 (3) A H = 3.46mm" 1 

c = 22.6351 (11) A 7=295K 

P = 1 15.307 (6)° Prism, colourless 

V= 5008.0 (5) A 3 0.43 x 0.34 x 0.21 mm 

Z=8 



Data collection 

Oxford Diffraction Xcalibur Ruby Gemini 
diffractometer 

Radiation source: Enhance (Cu) X-ray Source 
graphite 

Detector resolution: 10.5081 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(CrysAlis PRO; Oxford Diffraction, 2007) 

r min = 0.430, r max = 1.000 

9840 measured reflections 



5032 independent reflections 

3792 reflections with / > 2a(I) 
R int = 0.028 

Qmax = 75.4°, 6 m j n = 5.5° 
h = -42^41 

k = -8^8 

/ = -28->17 



Refinement 



Refinement on F 



Least-squares matrix: full 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
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R[F 2 > 20CF 2 )] = 0.069 

wRiF 2 ) = 0.230 

S= 1.05 

5032 reflections 
289 parameters 
48 restraints 



Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F 0 2 ) + (0.1341.P) 2 + 2.8648P] 

where P = (F 0 2 + 2F c 2 )/3 

(A/o) max < 0.001 

Ap max =1.02eA" 3 

Apmi„ = -0.43 e A~ 3 



Special details 

Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are estimated from the 
variances of the (full) variance-covariance matrix. The cell e.s.d.'s are taken into account in the estimation of distances, angles and tor- 
sion angles 

Refinement. Refinement on F 2 for ALL reflections except those flagged by the user for potential systematic errors. Weighted R- 
factors wR and all goodnesses of fit S are based on F 2 , conventional i?-factors R are based on F, with F set to zero for negative F 2 . The 
observed criterion of F 2 > o(F 2 ) is used only for calculating -i?-factor-obs etc. and is not relevant to the choice of reflections for refine- 
ment. i?-factors based on F 2 are statistically about twice as large as those based on F, and i?-factors based on ALL data will be even 
larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Atomic displacement parameters (A 2 ) 



U n u 22 u 33 u 12 u 13 u 23 

S 0.0929 (7) 0.0654 (6) 0.1139 (8) 0.0122 (5) 0.0508(6) 0.0065 (5) 

FIB 0.132 (3) 0.112 (3) 0.093 (2) 0.009 (2) 0.041 (2) -0.020 (2) 

F2B 0.246 (6) 0.139 (3) 0.070 (2) -0.015 (4) 0.064(3) 0.007 (2) 

F3B 0.129 (3) 0.150 (4) 0.156 (4) -0.058 (3) 0.030 (3) -0.033 (3) 

Ol 0.124 (3) 0.129 (3) 0.0652 (16) -0.048(2) 0.0302 (17) -0.0017 (17) 
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a a/;oo (\ Q\ 

u.uooo (iy) 


A AA/1 T / 1 C.\ 

U.UU43 (10) 


a Q777 ( 1 A\ 
\j.\)ZZI (14) 


A AAQ 7 /I Q\ 

u.uuy / (lo) 


C3 


A A/C AO /I Q\ 

u.uouo (iy) 


A 1 A*r n\ 
U. 1U0 (3 ) 


A A7C /7\ 

U.U / J (Z) 


A A1 A ( r }\ 

U.U14 (Z) 


A A7QQ /1 n\ 

u.uzyo (i /) 


A A17 /7\ 
U.U3Z (Z) 


Co 


A A77 /7\ 
U.U / / (Z) 


A AO C /Q\ 

U.Uo j (3 ) 


A AQ/I /"3\ 

u.uy4 (3 ) 


A A77 /7\ 
U.UZ / (Z) 


A A/1 O fj\ 

U.U4o (Z ) 


a An fy\ 
U.U3 / (Z) 


C / 


A AC£C /i 7\ 
U.U303 ( 1 /) 


A A77 

U.U /Z (Z) 


A AOT /7\ 

U.Uo3 (Z ) 


A AAQ 1 /I C\ 

U.UUy 1(13) 


A AQ OC (\ f\ 

U.U303 (10) 


A A1 C.7 /I 0\ 

U.UI 3Z (1 0) 


to 


A A/1 /I Q /I /|\ 

U.U445 (14) 


A AQ/| /7\ 

U.Uo4 (Z) 


A A7Q /7\ 

u.u /y (Z) 


A AA/l 1 (\ C\ 

U.UU41 (13) 


A A71 1 / 1 A\ 
U.UZ31 (14) 


A A1 1 £ /I Q\ 

u.ui 10 (iy) 


cy 


A AC 17 / 1 Q\ 

U.U3 1 / (lo) 


A 11/1 //) \ 

U. 1 14 (4) 


A AQ 1 n\ 

u.uy 1 (3 ) 


A A 1 1 /7^ 

U.U1 1 (Z) 


A A7Q7 / 1 7\ 

U.UZUZ (1 /) 


A A7 c cx\ 
U.UZ3 (3 ) 


C1U 


n /1 q\ 
u.Ujjj yiy) 


A 1 CI /C\ 

U. 1 33 (3 ) 


A AOT CX\ 

U.Uo3 (3 ) 


A AA 1 CX\ 

U.UU1 (3) 


A Q77Q ( 1 0\ 

u.uz /y ( 1 0) 


A ATT CX\ 

U.U33 (3 ) 


C] 1 
CI 1 


A A7Q /"3\ 

U.U /o (3) 


A 1 AQ /CA 

u. I4y yj ) 


A A71 (")\ 

U.U /3 (Z) 


A A7/1 CX\ 
U.UZ4 (3 ) 


A A17 /7\ 

u.u3 1 yz) 


A A 1 1 /"3\ 

U.UI 1 (3) 


C1Z 


a A77 /t\ 
U.U /Z (Z) 


A 1 A7 /"}\ 

U. 1UZ ) 


a n^S /OA 
U.UOo (Z ) 


A A 1 A /7^ 
U.U1U (Z ) 


U.U3U / (1 /) 


A AA7 /7\ 

U.UUZ (Z ) 


C13 


A A/1 7Q / 1 1\ 

U.U4Zy (13) 


A AO 1 fy\ 
U.Uol yZ) 


a c\£>AA /1 CA 
U.U044 (lo) 


A AAQ /C (\A\ 

U.UU30 (14) 


A A 1 QO (\ 7\ 

u.uiyo (iz) 


A AA7C (\ f\ 

U.UUZ3 (10) 


C14 


A AQ/T /T\ 

u.uyo (3 j 


A 1 AO //1\ 

U. lUo (4 ) 


A A/^7 /7\ 
U.UO / (Z) 


A A1 A CX\ 

U.U14 (3 ) 


A A 1 q /y\ 

u.u iy (Z) 


A AA/) /7\ 

U.UU4 (Z ) 


CI j 


A AC £7 /I /T\ 

U.U30 / (10) 


A A*r/:7 /1 q\ 

u.uooz (iyj 


A A/^7C /I 7\ 

U.UOZj (1 /) 


A AAQO (\ A\ 

U.UU3o (14) 


A A7 17 /I A\ 

U.UZ1 / (14) 


A AA C 1 / 1 C\ 
U.UU3 1 (13) 


Clo 


A AC.7Q /1 £A 

U.UjZV (10) 


A A/TTA /I Q\ 

U.UoZU (lo) 


a a/;c 1 /1 o\ 
U.UOjI (lo) 


A A1 C\A (\ A\ 

U.U1U4 (14) 


A A 1 OC /I Q\ 

U.UlOJ (13) 


A AA77 / 1 C\ 

U.UUZZ (13) 


CI / 


A AC.7Q H £ \ 

u.uj /y (io) 


A ACCQ (\ ~l\ 

u.uj jy yi / ) 


A ACC7 / 1 C\ 

U.Uj jZ (13) 


A AAQ 1 /I X\ 

U.UU3 1(13) 


A A7 17 

U.UZ1Z (13) 


a AAaa (\ x\ 
U.UU33 (13) 


C 1 Q 

Clo 


A AC /I C\ 

U.U3Z3 (1 3) 


A AQC /"}\ 

u.uy 3 (3 j 


A A/1 1 /C /I A\ 

U.U410 (14) 


A A1 1 A (\ /T\ 

U.U1 1U (10) 


A A 1 T a n 1\ 

U.U 1 3U (11) 


A AA7 1 ^1 c\ 
U.UUZ3 (13) 


1 Q 

CIV 


A A/1 7/: /I A\ 

U.U4Z0 (14) 


A 1 A7 

U. 1UZ {j ) 


A A/1 oa /1 c\ 
U.U4o3 (13) 


a aa 10 
U.UUlo (13) 


A A 1 1 Q /I 1 \ 

u.ui iy (ii) 


A A1 77 / 1 (T\ 

U.U1ZZ (10) 


czu 


a A/i oc /in 
U.U4o3 (1 3) 


A A7C /7\ 

U.U / j yZ) 


A A/1 QO ("1 C\ 

U.U4yo (13) 


A AA70 (\ A\ 

U.UUZo (14) 


A A 1 1 Q /I 7\ 

u.ui iy (iz) 


A AA 1/1 / 1 A \ 

U.UU14 (14) 


CZ 1 


A A/1 Q1 (\ A \ 

U.U4y3 (14) 


a A7 17 nn\ 

u.u / iz (lyj 


A A/1 C/i /I /1\ 

U.U430 (14) 


A AA71 (\ a\ 

U.UU /3 (14) 


A A 1 1 7 /I 1 \ 

U.UI IZ (11) 


A AACO (\ X\ 

U.UU30 (13) 


czz 


A AC 11 /1 

U.U3 11 (lo) 


A AQ 1 /"J-l 

u.uyi (3j 


A A/C/1 f /1Q\ 

U.Uo4j (lo) 


U.UU33 (lo) 


a mm /1 a\ 
U.UZU / (14) 


A AA 11 / 1 7\ 

U.UU 1 1 (1 /) 


C23 


0.0643 (19) 


0.097 (3) 


0.072 (2) 


-0.0101 (19) 


0.0360 (16) 


-0.010 (2) 


F3A 


0.129 (3) 


0.150 (4) 


0.156(4) 


-0.058 (3) 


0.030 (3) 


-0.033 (3) 


F1A 


0.132 (3) 


0.112(3) 


0.093 (2) 


0.009 (2) 


0.041 (2) 


-0.020 (2) 


F2A 


0.246 (6) 


0.139(3) 


0.070 (2) 


-0.015 (4) 


0.064 (3) 


0.007 (2) 


Cll 


0.1424 (10) 


0.0536 (5) 


0.0658 (5) 


0.0110 (5) 


0.0430 (6) 


-0.0025 (4) 


C12 


0.0772 (6) 


0.0709 (6) 


0.1183 (9) 


-0.0076 (5) 


0.0121 (6) 


0.0168 (6) 


Geometric parameters (A, °) 












S— C7 




1 7/1 C /I \ 

1. /4D (3) 


Cll— C12 


1.398 (7) 


S— C8 




1. / DO (4) 


C12- 


-C13 


1.389 (6) 


F1A — C14 




1 1 1 1 / 1 £\ 
1.333 (lO) 


C15- 


-C16 


1.503 (5) 


FIB— C14 




1 17 1 /7\ 
1.3Z1 (/) 


C16— C17 


1.513 (5) 


F2A— C14 




1 HO/1 T\ 

1.3 lo (13) 


C18- 


-C19 


1.498 (5) 


F2B— C14 




1 1AC 

1.3UD (0) 


C20— C21 


1.505 (5) 


F3A— C14 




1.3UO (IZ) 


C22- 


-C23 


1.520 (6) 


F3B— C14 




1 on /7\ 
1.337 (7) 


C3- 


-FDA 


0.9300 




Ol— C23 




1.3 /U (0) 


C5- 


-H5A 


0.9300 




Ol— H1B 




U.oZUU 


C6 — H6A 


0.9300 




Nl— C18 




1.497 (4) 


C9— H9A 


0.9300 




Nl— C21 




1.494 (4) 


C10— H10A 


0.9300 




Nl— C17 




1.498 (5) 


Cll- 


-H11A 


0.9300 




N2— C19 




1.496 (4) 


C12- 


-H12A 


0.9300 




N2— C20 




1.488 (4) 


C15- 


-H15A 


0.9300 




N2— C22 




1.501 (5) 


C16— H16A 


0.9700 
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XT 1 TJI A 

JN 1 — H1A 


a a 1 nn 
U.y 1UU 


Z" 1 1 £ I I 1 /TT5 

C 1 0 — rl 1 or> 


A A*7AA 

u.y /UU 


xti in a 

JNZ — HZ A 


a a 1 

u.y 1UU 


1 *7 TJ1 7 A 

CI / — rll /A 


A A*7AA 

u.y /UU 


z" 1 1 rn 
CI — C13 


1 /I 0*7 / C\ 

1.45/ [?) 


Z" 1 1 *7 I I 1 '7X3 

CI / — rll Id 


A A*7AA 

u.y /UU 


( • i pi 
CI — Cz 


1.DU3 (4) 


pio TT 1 O A 

C 1 o — rl 1 oA 


A A*7AA 

u.y /UU 


Z" 1 1 PK 

CI — CI j 


1 QIC /c\ 

1.33j (j) 


pi o I I 1 QT5 

C 1 o — H 1 or> 


A A*7AA 

u.y /UU 


P1 p»7 

Cz — C/ 


1 1 OA 

l.iyU (3) 


pin T_T 1 A A 

Cly — myA 


A A*7AA 

u.y /UU 


P1 PQ 

Cz — C3 


1 1AA 

1.3VU (3) 


pin TT 1 AO 

Cly — myB 


A A*7AA 

u.y /UU 


C3 — C4 


1 1 AA (1 \ 

l.3yu (3) 


Pin T_ri a a 
CzU — HZUA 


A A*7AA 

u.y /UU 


P/1 P 1 /I 

C4 — C14 


1.4VZ p) 


Pin rjiAD 
CzU — HZUB 


A A*7AA 

u.y /UU 


P/i nr 

C4 — Cj 


1 1 A A \ 

1.3yU (4) 


Z^l 1 TT") 1 A 

Czl — HZ1A 


A A*7AA 

u.y /UU 


V J V- u 




i — 1 1 _ i r> 


0 Q700 
\j.y /uu 


C6 — C7 


1.390 (3) 


C22 — H22A 


0.9700 


C8 — C13 


1.394 (6) 


C22 — H22B 


0.9700 


Qg — Qg 


1.401 (6) 


C23 — H23A 


0.9700 


C9 — CIO 


1.372 (7) 


C23 — H23B 


0.9700 


CIO — Cll 


1.355 (10) 






p~7 c pq 

C / — a — Co 


AA A 1 ( 1 H\ 

yy.yl {I I) 


XTT pii ni 
JN2 — C22 — C23 


11 J.U (j) 


PT] p. 1 Til n 

C2j — Ol — HI is 


1 AA AA 


P.1 ni r"Ti 

Ul — C2j — C22 


1 A A A f A \ 

luy.u (4) 


p 1 "7 mi r">i 
CI / — JN 1 — C21 


110 o /1\ 

113.5 (Z) 


PT PI TJI A 

C2 — Cj — HjA 


1 1 A AA 

12U.UU 


pin \T 1 PI 1 

CI 5 — JN 1 — C21 


1 AA C Z"1\ 

luy.o (Z) 


P/1 PI TJI A 

C4 — Cj — HjA 


1 OA AA 

12U.UU 


pn XT 1 pi n 

CI / — JN 1 — CIS 


1 1 A 1 /"3 \ 

1 1U.Z (p) 


P/1 PC TJC A 

C Z I CD — HDA 


1 TA AA 

12U.UU 


pin m 

Cly — JN2 — C22 


111 1 /"]\ 

111.1 (3) 


p/; PC TJC A 

Co — CD — HDA 


1 TA AA 

12U.UU 


PTA XTO PT> 

C2U — JN 2 — C22 


111 /I n\ 

113.4 (3) 


pc p/: tj/t a 
CD — Co — HoA 


1 1 A AA 

12U.UU 


pin "\ti nn 
Cly — JN2 — C2U 


1 AO A /I \ 

lUo.U (3) 


P"7 P/; T_t/t a 

C / — Co — HoA 


1 TA AA 

12U.UU 


P 1 "7 M 1 TJ 1 A 

CI / — JN 1 — HI A 


1 AO AA 

lUo.UU 


PO Pn TTf\ A 

Co — cy — HyA 


n 1 aa 
121 .UU 


PIO \T1 TJ 1 A 

Clo — JN 1 — H1A 


1 AO AA 

lUo.UU 


P 1 A PA un A 

c i o — cy — Hy a 


n 1 aa 
121 .UU 


n 1 XT 1 TT 1 A 

C21 — JN 1 — H1A 


1 AO AA 

lUo.UU 


PA P 1 A TT 1 A A 

cy — C 1 0 — ti 1 UA 


1 1 A AA 

ny.uu 


pi n xti m a 
Cly — JN2 — H2A 


1 AO AA 

lUo.UU 


P11 p 1 A TT 1 A A 

Cll — CIO — H1UA 


1 1A AA 
12U.UU 


P1A XTI TJI A 

C2U — JN 2 — H2 A 


1 AO AA 

lUo.UU 


p 1 A P11 TJI 1 A 

CIO — Cll — HI 1A 


1 1A AA 
12U.UU 


PIO xt^> tji A 
C22 — JN 2 — H2 A 


1 AO AA 

lUo.UU 


pn pii ui 1 a 
C12 — Cll — HI 1A 


1 OA AA 
12U.UU 


pii pi pic 
CO — CI — CO 


1 I A O /")\ 

IZU.o (3) 


pii pn TJ1TA 

C 1 1 — CI 2 — H 1 2A 


1 TA AA 
12U.UU 


n p 1 p 1 1 
C2 — C 1 — C 1 j 


11/1 A 

1 14.4 (3) 


pn pn tj 1 1 a 
CI J — C12 — H12A 


1 1A AA 
12U.UU 


PT P 1 P 1 C 

C2 — CI — CO 


1Z4.S (3) 


pi P1C TJ1CA 

C 1 — C 1 D — H 1 DA 


1 1 / AA 

llo.UU 


PI PI P"7 

CJ — C2 — C / 


1 1 A AA / 1 *7\ 

ny.yy (1 /) 


pi£ P1C TJ1CA 

C 1 0 — C 1 D — H 1 DA 


1 1 / AA 

llo.UU 


pi n pi 
CI — C2 — Co 


1 in *7 /i\ 
12U. / \L) 


pic pu tji/;a 
C 1 D — C 1 0 — H 1 0 A 


1 1 A AA 
1 1U.UU 


pi n p~7 
CI — C2 — C/ 


1 1 A 1 /1\ 

liy.3 (z) 


pic pu tji/:t3 
C 1 D — C 1 0 — H 1 ohs 


1 1 A AA 
1 1U.UU 


PT PI P/1 

C2 — CJ — C4 


1 1 A A 1 / 1 £. \ 

1ZU.U1 (lo) 


pn pi/ tji/:a 
C 1 / — C 1 o — H 1 o A 


1 1 A AA 
11U.UU 


PI P/1 PC 

Cj — C4 CD 


1 1 A AO / 1 *7\ 

iiy.ys (i /) 


P 1 "7 PU TJ1/;T3 

C 1 / — C 1 0 — H 1 ohs 


1 1 A AA 
11U.UU 


pi p/i ru 
CJ — C4 C 1 4 


1 1A 1 /1\ 

1ZU.Z (Z) 


tji/:a pii tji/;t3 
H 1 OA — C 1 0 — H 1 OB 


1 AO AA 

lUo.UU 


pc p/i ru 
CD — C4 C14 


1 1 A A /1\ 

ny.y (zj 


xt 1 pn un a 
JN 1 — CI / — HI /A 


1 AA AA 

luy.uu 


p/i pc p/; 
C4 — CD — Co 


1 1A A 1 /"I T\ 
1ZU.U1 (1 /) 


XT1 pn TJ1TT3 

JN 1 — CI / — HI ID 


1 AA AA 

luy.uu 


pc p/; p~7 
CD — Co — C / 


1 in a c-i\ 
1ZU.U (Z) 


pi/ pn unA 
C 1 o — C 1 / — H 1 / A 


1 AA AA 

luy.uu 


c p~7 n 
b — C / — C2 


111 /I A ( 1 *7\ 

1ZZ.4U (1 /) 


pi/ pn unn 
Clo — CI / — HI lis 


1 AA AA 

luy.uu 


S — C7 — C6 


1 1 *7 C*7 / 1 T\ 

117.57 (17) 


tti~7a pn tti^d 
HI /A — CI / — HI /a 


108.00 


C2— C7— C6 


120.0 (2) 


Nl— C18— H18A 


109.00 


S— C8— CI 3 


121.1 (3) 


Nl— C18— H18B 


109.00 


C9— C8— C13 


121.2 (4) 


C19— C18— H18A 


109.00 


S— C8— C9 


117.7(3) 


C19— C18— H18B 


109.00 


C8— C9— CIO 


118.9 (5) 


H18A— CI 8— H18B 


108.00 
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— C1U — Cll 


1 in n /c\ 
1ZU.V [p) 


Pin pi i pn 
C1U — CI 1 — C1Z 


1 in o /c\ 
1ZU.0 ( j) 


pi 1 PIT P11 

CI 1 — C1Z — C13 


1 in a /c\ 
1ZU.U ( j) 


p 1 PIT P11 

CI — C13 — Clz 


121.0 (4) 


p 1 PIT PO 

CI — C13 — Co 


i in t /t\ 
1ZU.Z (3) 


po p 1 1 p 1 0 

Co — C 1 3 — C 1 Z 


1 lo.Z (4 ) 


T71D p 1 /I COD 

r 1 B — C 1 4 — r ZB 


1 nn /i i c\ 
1UV.4 (OJ 


17 1 D p 1 /] ETD 

r IB — C14 — r3B 


1 A/1 ^ 

1U4.J p ) 


T71 D p 1 /( p /I 

r 1 B — C 1 4 — C4 


1 13.4 (3) 


no p i /i ri n 
r ZB — C 1 4 — r 3 B 


1 a^ o /c\ 
lUo.o [p) 


ttitj p i /i p /i 
r ZB — C 1 4 — C4 


113.3 (4) 


TTI ID P 1 A P /] 

r 3 B — C 1 4 — C4 


1 AO A (A \ 

luo.y (4) 


TTI A p 1 /I p /] 

r3A — C14 — C4 


1 1 O 1 /A\ 

llo.Z [y) 


T7 1 A p 1 /I P/l 

r 1A — C14 — C4 


1 A1 C (H\ 
1U3.Z) ( /) 


TV") A p 1 A f^A 

r Z A — C 1 4 — C4 


1 1 1 A /OA 

1 iz.u (y j 


TJ -> A p 1 /] c"1 A 

r Z A — C 1 4 — r 3 A 


1 AO C { 1 1\ 

lUo.o (13) 


I? i a p i /] ri a 
r 1A — C14 — rZA 


1 A£ /I /A\ 

iuo.4 \y) 


T7 1 A p 1 /] T7Q A 

r 1A — C14 — r 3A 


1 A*7 1 ( 1 1\ 

1U /.3 (12) 


pi pic p i /: 

CI — CI J — Clo 


lZo.4 (3 ) 




i ao i 


Nl — C17 — C16 


114 1 (31 


Nl — ci8 — C19 


112.4 (3) 


N2 — C19 — C18 


109.8 (3) 


N2 — C20 — C21 


110.7 (3) 


Nl — C21 — C20 


111.8 (3) 


Co — 5 — C / — CZ 


11 0 fl i 

-31.8 (3) 


po c p~7 p/: 
C8 — a — C / — Co 


1 /n o /1\ 
14/. 3 (2) 


p~7 c po pn 
C / — Si — C8 — C9 


~14o. / (3) 


p~7 c po i 
C / — o — Co — C 1 3 


31.5 (4) 


n n XT1 p 1 -7 p 1 /; 
CIS — IN 1 — CI / — Clo 


—1 /9. / (3) 


f^"i 1 \T1 p 1 "7 i /r 
CZ1 — JN 1 — CI / — CIO 


DO. / (4j 


P 1 "7 T\T 1 n o pin 

CI / — JN 1 — CIS — C19 


— 1 /9.9 (3) 


pi 1 mi pi n nn 
C21 — JN 1 — Clo — C19 


rn n / yi \ 

-53. V (4) 


pi "7 mi nd 
CI / — JN 1 — C21 — C2U 


1 "7/: n \ 
1 /0.9 (i) 


no mi ni n/i 
Clo — JN 1 — C21 — C2U 


53. U (4) 


C2U — JN 2 — C 1 9 — C 1 0 


— OU.O (4) 


pin XT') pin PI o 

C22 — JN 2 — C 1 9 — C 1 o 


1 /4.2 (i) 


pm \n pin pn 
C 1 9 — JN 2 — C2U — C2 1 


OU.O (4) 


pin \in pnn pm 
C22 — JN 2 — C2U — C2 1 


-1 /5.0 \i) 


pin \n pn pm 
C 1 9 — JN 2 — C22 — C23 


1 /; a i /"3\ 
— 104.1 (3) 


pnn \in pn pm 
C2U — JN 2 — C22 — C2 3 


ha r\ fA\ 
/4.U (4) 


C 1 3 — C 1 — CZ — C 3 


11C Q ( 1\ 

— i3o. y (3 j 


P 1 1 PI PI P"7 

C 1 3 — C 1 — C2 — C / 


^1 1 1 1 A \ 

41.1 (4) 


P1 C P1 PI PT 

C 1 5 — C 1 — C2 — C3 


42.8 (5) 


C15— CI— C2— C7 


-137.2 (3) 


C2— CI— CI 3— C8 


-41.3(5) 


C2— CI— CI 3— C12 


139.9 (4) 


CI 5 — CI — C13 — C8 


137.1 (4) 


CI 5 — CI — C13 — C12 


-41.7(6) 



"nti p 1 n Tjin a 

jnz — ciy — HlyA 


1 1 a nn 
1 1U.UU 


\n pia 1 1 1 no 

jnz — ciy — hiiyB 


1 1 n nn 
11U.UU 


P10 P1A TT 1A A 

c i o — c i y — ri i y A 


1 1 n nn 
11U.UU 


P10 P1A TT 1 flD 

cio — ciy — hiiyB 


1 1 n nn 
11U.UU 


t_tiaa pm t_tiatj> 

hi i y a — c i y — ri i yh> 


1 no nn 
lUO.UU 


\n pia t_tia a 
JN Z — CZU — hlZU A 


1 1 n nn 
11U.UU 


\M PIA T_T1AT3 

JNZ — CZU — hlZUB 


1 nn nn 
1UV.UU 


P1 1 Pin TJ1A A 

CZ 1 — CZU — hlZU A 


1 1 n nn 
IIU.UU 


P1 1 pin T_riAT3 
CZ 1 — CZU — hlZUB 


1 1 n nn 
IIU.UU 


TTin a pin TTino 
HZUA — CZU — HZUb 


108.00 


Ml PI 1 TJ1 1 A 

JN 1 — CZ1 — hIZIA 


1 nn nn 

luy.uu 


Mi Pi 1 i n | n 

JN 1 — CZ1 — HZ IB 


1 nn nn 

luy.uu 


Pin pi i T_ri 1 a 
CZU — CZ 1 — hlZ 1 A 


1 nn nn 

luy.uu 


PIA pi 1 Till ID 

CZU — CZ 1 — hlZ 1 B 


1 nn nn 

luy.uu 


T_ri 1 a pi i m i n 
hlZ 1 A — CZ 1 — hlZ IB 


1 no nn 
lUO.UU 


Ml P11 TJ11 A 

JN Z — CZZ — hlZZ A 


1 nn nn 

luy.uu 


mi pn i m d 
JN Z — CZZ — hlZZB 


1 nn nn 

luy.uu 


P11 Pll TJll A 

CZ3 — CZZ — hlZZA 


1 nn nn 

luy.uu 


pii pn i m i) 
CZ3 — CZZ — hlZZB 


1 nn nn 

luy.uu 


nziZirt 1 1 __ I_> 


i ox nn 

l uo.uu 


Ol — C23 — H23A 


110.00 


Ol — C23 — H23B 


110.00 


C22 — C23 — H23A 


110.00 


C22 — C23 — H23B 


110.00 


H23A — C23 — H23B 


108.00 


PI p-> pa p/: 

C3 — CZ — C / — Co 


A A SA\ 

U.U (4) 


n pq p a pc 
CZ — C3 — C4 — CD 


A A SA\ 

U.U (4) 


p-v pq p A p 1 A 

CZ — C3 — C4 — C 1 4 


1 *7A O /I \ 

-i /y.o (3) 


PQ p A PC P/C 

C3 — C4 — C j — C o 


A A ( A\ 

U.U (4) 


p 1 /1 p A PC P/T 

C 1 4 — C4 — CD — Co 


1 *7A O 

1 /y.O (3) 


pi p a pi A 17 1 TT) 

C3 — C4 — C 1 4 — r 1 B 


1C A /C\ 

-ZD.U {j) 


p Q p /i pi a T71TJ 

C3 — C4 — C 1 4 — r ZB 


1 CA C //l \ 

— IjU.j (4) 


/ • Q P/l p 1 >l T7H5 

C3 — C4 — C 1 4 — r 3 B 


AA O { A\ 

yu.o (4) 


pc p/i p 1 /i r i o 
CD — C4 — C 1 4 — r 1 B 


1 CC 1 fA\ 

Ijj.Z (4) 


/ • C P/l p 1 /l TTITD 

C j — C4 — C 1 4 — r ZB 


1A O \ 

zy.o (0) 


/ • C p /i pi T7n~> 

C J — C4 — C 1 4 — f 3B 


OA A (A \ 

-oy.u (4) 


p /i pc / • /; p*7 

C4 — CD — Co — C / 


A A ( A\ 
U.U (4) 


pc p/: pa c 

CD — Co — C / — b 


1 *7A 1 /1\ 

—i /y.i (Z) 


PC P/i P*7 PI 

C j — Co — C / — CZ 


A A SA\ 
U.U (4) 


c p o pa pm 

b — Co — cy — C 1 U 


1 OA A //l \ 

loU.U (4) 


pn pq pn pm 

c 1 3 — Co — cy — c i u 


A 1 

-U.Z (o) 


c po p 1 1 p 1 
b — Co — C 1 3 — C 1 


1 c. / c\ 

1.5 (5) 


c p o pn pii 
b — Co — C 1 3 — C 1 Z 


1 *7A 7 /1\ 
— 1 /y. / (3) 


pn po p i q pi 

C9 — C8 — C 1 3 — C 1 


1 *70 /I //I \ 

-178.4 (4) 


C9— C8— CI 3— C12 


0.5 (6) 


C8— C9— CIO— Cll 


-0.2 (7) 


C9— CIO— Cll— C12 


0.2 (8) 


CIO— Cll— C12— C13 


0.1 (7) 


Cll— C12— C13— CI 


178.4 (4) 
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C2— CI— CI 5— C16 4.3 (6) 

CI 3 — CI — C15 — C16 -173.9(4) 

CI— C2— C3— C4 180.0 (2) 

C7— C2— C3— C4 0.0 (4) 

CI— C2— C7— S -0.9 (3) 

CI— C2— C7— C6 -180.0 (3) 

C3— C2— C7— S 179.1 (2) 



Cll— C12— C13— C8 -0.4(6) 

CI — CI 5 — CI 6 — CI 7 132.6 (4) 

C15— C16— C17— Nl 169.2 (3) 

Nl— C18— C19— N2 58.8 (4) 

N2— C20— C21— Nl -58.1 (4) 

N2— C22— C23— Ol -75.4 (5) 



Hydrogen-bond geometry (A, °) 

Cgl and Cg2 are the centroids of the C2-C7 and C8-C13 benzene rings, respectively. 



D—H-A 


D — H 


R-A 


D-A 


D — H 


Nl— H1A-C11' 


0.91 


2.10 


2.997 (3) 


168 


Ol— H1B-C11 


0.82 


2.27 


3.030 (4) 


155 


N2— H2A-C12 


0.91 


2.13 


3.035 (3) 


175 


C17— HHA-Cll" 


0.97 


2.64 


3.600 (4) 


169 


CI 8— H18A-Cll m 


0.97 


2.64 


3.561 (3) 


159 


C20— H20B-O1 


0.97 


2.34 


2.999 (6) 


125 


C21— H21A-01" 


0.97 


2.35 


3.153 (6) 


140 


C22— H22A-C12 iv 


0.97 


2.77 


3.690 (4) 


160 


CI 9— H19A-Cg2 v 


0.97 


2.65 


3.618 (4) 


176 


C23— H23B-Cgl' 


0.97 


2.69 


3.658 (5) 


174 



Symmetry codes: (i) -x+3/2, >>- 1/2, -z+1/2; (ii) -x+3/2, }H-l/2, -z+1/2; (iii) x, -y+l, z+1/2; (iv) x,y-\, z; (v) -x+3/2, ->>+3/2, -z+1. 
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